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Abstract 
In order to clarify the influence of RE/Ba substitution on superconducting properties on REBCO films in magnetic fields, we 
fabricated BHO-doped Nd1+xBa2-xCu3Oy films in which Nd composition were controlled by PLD method using alternating-targets 
technique.  The Tc of  NdBCO(x = 0.01, 0.08) films were about 92 K. For the field applied parallel to the c-axis, a Jc and a 
characteristic magnetic field of the maximum pinning force of the NdBCO(x = 0.08) film increased compared with those of the 
NdBCO(x = 0.01) film. Additionally, a Jc of a BHO-doped NdBCO(x = 0.08) film improved for all applied angles of magnetic 
field in 1 T. The forms of Jc-θ curves for the BHO-NdBCO films with x = 0.01 and 0.08 were similar form. Therefore, it is 
considered that the reason of Jc increase in the BHO-doped NdBCO(x = 0.08) film is introduction of three-dimensional pinning 
centers of fine Nd/Ba solid solutions and the solid solution do not influence on the BHO growth. 
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1. Introduction 
 
In order to apply a REBa2Cu3Oy(REBCO, RE : rare earth elements) thin film in high magnetic field applications 
such as magnetic resonance imaging (MRI), superconducting magnetic energy storage (SMES) and nuclear fusion 
reactor, it is necessary that the REBCO thin film have a high critical current density (Jc) in magnetic fields. For the  
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Fig.1 Nd composition of NdBa2Cu3Oy system      Fig.2 Magnetic fields dependence of Jc for the fields applied 
dependence of the Tc                                               parallel to the c-axis of the NdBCO films  
 
improvement of the critical current density under magnetic fields, an introduction of artificial pinning centers 
(APCs) into the REBCO thin film is very effective. One of the APCs is BaMO3 (BMO, M=Hf, Zn, Sn). It is well 
known that the BMO grows up into a form of nanorod along the c-axis direction of a REBCO thin film. Therefore it 
shows a strong pinning force in magnetic fields applied parallel to the c-axis direction of the REBCO thin films. In 
particular, it has been reported that BaHfO3 (BHO)-doped SmBa2Cu3Oy have strong pinning force not only at 77 K 
but also at 40 K and 20 K [1]. Additionally, fine RE/Ba solid solution also acts as APC. When RE3+ and Ba2+ ions 
have similar sizes, RE/Ba solid solutions are easily formed. The size of Nd3+ ion is closer to that of Ba2+ ion among 
RE3+ ions [2]. The RE/Ba substitution regions with a form of fine particle show an isotropic pinning force in 
magnetic field for all applied angle. For high magnetic field application, reduction of the anisotropy of Jc should be 
effective. 
 In this study, we fabricated the BHO-doped Nd1+xBa2-xCu3Oy (NdBCO) thin films on LaAlO3 (LAO) substrates 
with various Nd compositions in order to improve the superconducting properties in magnetic fields and clarify the 
effect of Nd/Ba substitution. 
 
2. Experimental procedure 
 
We deposited the NdBCO thin films on LAO substrates by pulsed laser deposition (PLD) method with a KrF 
excimer laser (λ=248nm). The substrate temperature was fixed to 940˚C. The laser energy density was 2.0 J/cm2 
and repetition frequency is 10 Hz. The distance between target and substrate was 70 mm. The partial pressure of 
oxygen was 0.8 Torr during the deposition. We used alternating-targets (ALT) technique to introduce BHO into 
NdBCO. In the ALT technique, two or more targets are repeatedly exchanged to obtain a desired composition. We 
fixed the BHO content was approximately 2.6 vol.%. We prepared some targets with various Nd compositions to 
control the Nd composition in the NdBCO films. The thickness of the NdBCO films fixed to 130-160 nm. The 
crystal structure and the crystallinity of the NdBCO films were analyzed by X-ray θ-2θ diffraction. The thickness 
and the atomic composition of the films were analyzed by inductively coupled plasma emission spectrometry. The Jc 
and Tc values were measured by DC four-probe method with a physical property measurement system (PPMS). 
 
3. Results and discussion 
 
All the pure-NdBCO films and the BHO-doped NdBCO films showed c-axis orientation and cube-on-cube in-
plane texture. Fig. 1 shows the Nd composition of NdBa2Cu3O system dependence of the Tc. Tc of the pure-
NdBCO(x = 0.01, 0.08) films and the BHO-doped NdBCO(x = 0.01, 0.08) films were 90 K or higher. In contrast, Tc 
of the pure-NdBCO(x =0.12) film and the BHO-doped NdBCO(x = 0.12) film were low. Similar tendency have been 
reported in a bulk of pure-NdBCO against Nd/Ba substitution [2]. Therefore, the excessive Nd/Ba substitution 
decreased the Tc of the NdBCO(x = 0.12) films. 
In general, Tcs of BMO-doped REBCO films were lower than that of the pure-REBCO [3,4]. From Fig. 1, 
however, the Tcs of the BHO-doped NdBCO films was almost similar to those of the pure-NdBCO films in each Nd 
composition of NdBa2Cu3Oy system. A few groups have been reported that the Tc of the BMO-doped REBCO film is 
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Fig. 3 Magnetic field angular dependence of Jc for (a)BHO-doped NdBCO(x = 0.01, x = 0.08) films and (b)pure-
NdBCO(x = 0.01, 0.08) films 
 
   
 
 
 
 
 
 
 
Fig. 4 AFM images of surface morphology of (a) pure-NdBCO(x = 0.01) film, (b) pure-NdBCO(x = 0.08) film, (c) 
BHO-doped NdBCO(x = 0.01) film and (d) BHO-doped NdBCO(x = 0.08) film. 
 
similar to that of the pure-REBCO film [1,5] and these reports are similar to our result. It is not clarified the reason 
why the Tc of the BHO-doped NdBCO film did not decrease, yet. From Fig. 1, the result suggests only that the Nd 
composition is not related to the decrease of Tc for the BHO-doped NdBCO films. 
Fig. 2 shows magnetic field dependences of Jcs in the pure-NdBCO(x = 0.01, 0.08) and the BHO-doped 
NdBCO(x = 0.01, 0.08) films for the field applied parallel to the c-axis of the films. The Jcs of the NdBCO(x = 0.08) 
film were higher than that of the NdBCO(x = 0.01) films in all magnetic fields. The maximum pinning force (FpMAX) 
of the BHO-doped NdBCO(x = 0.08) film reached 24.0 GN/m3 at 1 T and that of the BHO-doped NdBCO(x = 0.01) 
film was 14.5 GN/m3 in 1.5 T. As the reason of these increase, Nd/Ba substitution would affect as pinning centers in 
the BHO-doped NdBCO(x = 0.08) film. 
Fig.3(a) shows the magnetic field angular dependence of Jc for the BHO-doped NdBCO(x = 0.01, x = 0.08) films. 
The Jc of the films significantly increased in B//c. This means that the BHO in the films grew up into a form of 
nanorod. Values of Jc(B//c)/Jc(B//ab) and the full width at half maximum (FWHM) of the BHO-doped NdBCO films 
were roughly equivalent in 1 T. The value of the  Jc(B//c)/Jc(B//ab) and the FWHM are approximately 2 and 48ǀ, 
respectively. Namely, there is no difference between the forms of Jc-θ curves of the BHO-doped NdBCO(x = 0.01) 
film and that of the BHO-doped NdBCO(x = 0.08). Therefore, Nd composition could not affect the form of the BHO 
nanorod. On the other hand, the Jc of the BHO-doped NdBCO(x = 0.08) film increased for all angles of applied 
magnetic field compared with that of the BHO-doped NdBCO(x = 0.01) film in 1 T.  This reason is considered that 
Nd/Ba substitution acts as three-dimensional pinning centers in the BHO-doped NdBCO(x = 0.08) film. The 
minimum Jc in the Jc-θ of the BHO-doped NdBCO(x = 0.08) in 1 T was 0.5 MA/cm2 and the value was higher than 
that of the BHO-doped NdBCO(x = 0.01) of 0.25 MA/cm2. In contrast, in 5 T, no increase of the Jc was observed. 
Nd/Ba did not act as three-dimensional pinning centers in 5 T and there is no defference between the forms of Jc-θ 
curves of the BHO-doped NdBCO films. We think that number of the Nd/Ba substitutions is small. 
Fig.3(b) shows the magnetic field angular dependence of Jc for the pure-NdBCO(x = 0.01, 0.08) film. The Jc of 
the pure-NdBCO(x = 0.08) film was higher for all angles of applied magnetic field than that of the pure-NdBCO(x = 
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0.01) film such as the BHO-doped NdBCO film. Particularly, the Jc(B//c) of the pure-NdBCO(x = 0.08) films was 
superior to that of the pure-NdBCO(x = 0.01) film. For this behavior, there are two reasons. The first possible reason 
is changes in the number of the dislocation in the NdBCO film. Figs. 4(a) and (b) show AFM images of surface 
morphology of the pure-NdBCO(x = 0.01, 0.08) films. Spiral growth was observed in these films. However, the 
number of the spiral dislocations in the pure-NdBCO(x = 0.01) film was smaller than that of the pure-NdBCO(x = 
0.08) film. Therefore, there was no increase of the Jc in B//c in the pure-NdBCO(x = 0.01) film. The second possible 
reason is Nd/Ba substitution. It is reported that Nd/Ba substitution affect as c-axis correlated pinning centers in 
NdBCO bulks and NdBCO films on RABiTS [6,7].  
However, the number of the dislocations of the BHO-NdBCO(x = 0.01) film is similar to that of the BHO-
NdBCO(x = 0.08) film from Figs. 4 (c) and (d). These results suggest that the difference of the number of the 
dislocations between the films was disappeared by doping the BHO. Thus, it is considered that there was no 
difference for the Jc(B//c)/Jc(B//ab) of the BHO-doped NdBCO(x = 0.01, 0.08) films. 
 
4. Conclusion 
 
We fabricated the pure-NdBCO films and the BHO-doped NdBCO films with various Nd/Ba compositions on 
LAO substrates by alternating-targets technique and clarified the effect of Nd/Ba substitution. Jc of the BHO-doped 
NdBCO(x = 0.08) film improved compared with that of the BHO-doped NdBCO(x = 0.01) films in all magnetic field 
applied parallel to the c-axis of the film and Jc-θ curve also improved for all applied angles of magnetic field in 1 T. 
From this result, Nd/Ba substitution affects as three-dimensional pinning centers in the BHO-doped NdBCO(x = 
0.08) film. In addition, there is no different between the forms of the Jc-θ curves for the BHO-doped NdBCO(x = 
0.01, x = 0.08) films. From this behavior, we speculate that the Nd/Ba substitution give no effect for the form of 
BHO nanorods. 
Tcs of the BHO-doped NdBCO films were almost similar to those of the pure-NdBCO films in each Nd 
composition of NdBa2Cu3Oy system. The reason why the Tc of the BHO-doped NdBCO films did not decrease 
compared with pure-NdBCO films is not clarified yet. From Nd composition dependence of the Tc, the result 
suggests only that the Nd composition is not related to the decrease of Tc for the BHO-doped NdBCO films. 
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